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Description 

Background of the Invention 

[0001] The present invention concerns the testing f 
for constituents of interest using radiation, preferrably 
near infrared radiation. More particularly, an apparatus 
and a method of testing for constituents such as glu- 
cose, alcohol, drugs ol abuse or other materials in a 
non-invasive manner have been developed. These j 
methods are particularly well adapted for use in the 
home glucose testing market since they do not require a 
finger puncture to obtain a separable blood sample but 
rather can be utilized without bodily invasion. 
[0002] Development of non-invasive testing method 
has become an important topic in the last several years. 
The spread of acquired immunodeficiency disease syn- 
drome (AIDS), and the associated fear among public 
and healthcare personnel of AIDS has made many peo- 
ple afraid of invasive procedures. "Invasive procedures." 
as used herein are procedures where a sample such as 
blood is taken from the body by puncture or other entry 
into the body before analysis, while non-invasive proce- 
dures do not require bodily penetration. Not only can 
diseases such as AIDS be spread with invasive proce- 
dures H proper precautions are not followed, hepatitis 
and other similar blood diseases are more common 
problems in this type of testing. For example, a recent 
article, "Nosocomiel transmission of Hepatitis B virus 
associated with the use of a spring-loaded finger-stick 
device," New England Journal of Medicine 326 (11), 
721 -725 (1992), disclosed a mini-hepatitis epidemic in a 
hospital caused by the improper use of an instrument 
for taking blood samples. The nurses were unintention- 
ally transmitting hepatitis from one patient to another 
with the sampling devise itself. This type of disease 
transfer is eliminated with non-invasive testing. 
[0003] The diabetic population has also been clam- 
oring for non-invasive test instruments. Many diabetics 
must test their blood glucose levels four or more times a 
day. The modern battery powered instruments for home 
use require a finger prick to obtain the sample. The 
extracted blood sample is then placed on a chemically 
treated carrier which is inserted into the instrument to 
obtain a glucose reading. This finger prick is painful and 
can be a problem when required often. In addition, 
although the price has dropped considerably on these 
instruments, the cost for the disposables and the mess 
and health risks associated with having open bleeding 
is undesirable. 

[0004] Accordingly, a number of groups have 
recently tried to make non-invasive instruments for test- 
ing a variety of analytes, particularly glucose. A recent 
trend in non-invasive testing has been to explore the 
use of the near infrared spectral region (700-1 100 nm). 
This region contains the third overtones for the glucose 
spectrum and eliminates many of the water bands and 
other inference bands that are potential problems for 



detection. However, this work has been carried out 
using classic spectrophotometric methods such as a set 
of narrow wavelength sources, or scanning spectropho- 
tometers which scan wavelength by wavelength across 
f a broad spectrum. The data obtained from these meth- 
ods are spectra which then require substantial data 
processing to eliminate background; accordingly, the 
papers are replete with data analysis techniques utilized 
to glean the pertinent information. Examples of this type 
w of testing includes the work by Clarke, §ee United 
States Patent No. 5,054,487; and primarily the work by 
Rosenthal et al., see, e.g.. United States Patent No. 
5,028,787. Although the Clarke work uses reflectance 
spectra and the Rosenthal work uses primarily trans- 
is mission spectra, both rely on obtaining near infrared 
spectrophotometric data. 

[0005] One problem with using these types of meth- 
ods is that spectrophotometers were conceived prima- 
rily for accurate determination in terms of wavelength, of 

20 the spectral structure, rather than for discriminating the 
presence of weak broadband features in strong broad- 
band backgrounds. Since in non-invasive testing for glu- 
cose and other materials the primary information sought 
is the concentration, those using spectrophotometric 

25 methods here had to resort to using a number of unsat- 
isfactory analysis techniques to suppress unwanted 
interferences and to calculate the amplitude of the sig- 
nal. 

[0006] The Rosenthal United States Patent No. 
30 5,028,787 (the Rosenthal 787 Patent) illustrates this 
type of analysis technique for glucose testing using near 
infrared spectrophotometric methods. 
[0007] First, a scan is made of l/| vs. wavelength 
and the raw data is analyzed. Figure 1 of the present 

35 application is just such a plot, taken from the Rosenthal 
787 Patent. Rosenthal takes the data developed from 
this scan and analyzes it using first and second deriva- 
tive equations in an attempt to obtain meaningful infor- 
mation. Additional patents and articles by Rosenthal, 

40 Cavinato, and others have used similar techniques for 
determinations of levels of fat, ethanol, and other con- 
stituents of interest in a variety of samples. 
[0008] However, all these techniques are depend- 
ent on the discrimination of the spectrophotometric data 

as obtained. No form of data analysis can add to the initial 
information gathered; it can only put the measured infor- 
mation in a form which deemphasizes certain items of 
interference arising from the background or other con- 
stituents which make analysis of the sample difficult. A 

so better solution to the problems of interference in broad- 
band spectra is rather to obtain different raw data by 
measuring different aspects of the phenomenon. 
[0009] As noted, Figure 1 is a plot of l/| vs. wave- 
length, taken using a scanning spectrophotometer. The 

55 scanning spectrophotometer takes a series of discrete, 
single wavelength intensities and presents them as a 
function of time to obtain the spectrum. A plurality of 
high resolution features are necessary to obtain mean- 
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ingful information. However, the spectra of analytes of 
present interest do not include the large high resolution 
structures of classical infrared spectroscopy but rather 
have a few low resolution features with much of the 
information contained in the intensity. As such, these 
spectra appear more like the reflection spectra of 
colored objects in the visible region. A detection device 
optimized for analysis of this type of spectra would pro-, 
vide better discrimination. 

[0010] Human vision is a incompetent spectropho- 
tometer but is superb at the subtlest color discrimination 
and identification even under greatly varying illumina- 
tion. The present invention measures or obtains the raw 
data in the infrared in a manner more similar to the way 
the eye performs in the visible, than classic spectropho- 
tometric measurements. While visual perception is very 
complex and not completely understood, one approach 
suggested is the obtaining and processing of the raw 
data as closely as possible to the known aspects of 
color perception, utilizing a succession of steps or 
processing levels. Each step itself provides a useful 
product and succeeding steps represent products of 
greater capability. 

[0011] The first step is the analog of colorimetry. 
Colorimetry is numerical color communication. This 
numeric approach uses three dimensions to describe 
the color. There presently are several such three dimen- 
sions spaces in use. One of these three dimensional 
spaces is the CIE 1931 (x,y)-chromaticity diagram (Sg£ 
Fig. 2). Luminosity, the third dimension, is not shown in 
Fig. 2. It is the trivariant nature of color vision that per- 
mits color to be specified in a three dimensional space. 
[0012] Another three dimensional space is repre- 
sented in Figure 3. A plot is made of hue, chroma and 
value and is shown as a three dimensional solid. These 
three numerical values can be used to specify any per- 
ceived color. 

[001 3] It is most important to note that although it is 
convenient to describe color in terms of a colorimetry, 
this is not color perception. Color perception is much 
more complex. However colorimetry is useful for color 
matching under specific conditions. An analog of color- 
imetry, particularly one in the infrared region, would 
show similar usefulness in determining analyte concen- 
tration. 

[0014] There are commercially available colorime- 
ters in the visible for measuring tristimulus values in 
terms of luminosity, hue and saturation. Briefly, these 
colorimeters use three detectors, with each detector 
input being filtered with a different filter function. Each of 
the filter functions is chosen to be similar to the three 
absorption spectra of the pigments of the three color 
receptive cones of the human retina. However, it 
appears no one has used, or even considered the use, 
of an analog of color perception for concentration meas- 
urements or even applied the method of colorimetry to 
infrared measurements as described herein. 
[0015] Similarly, noninvasive measurement of arte- 



rial oxygen saturation by pulse oximetry is widely 
acknowledged to be one of the most important techno- 
logical advances in clinical patient monitoring. Pulse 
oximeters measure differences in the visible and near 

5 infrared absorption spectra of fully oxygenated and 
reduced hemoglobin in arterial blood. Unlike clinical 
blood gas analyzers, which require a sample of Wood 
from the patient and can only provide intermittent meas- 
urement of patient oxygenation, pulse oximetry provide 

to continuous, and instantaneous measurement of blood 
oxygen levels. 

[001 6] However, current commercial oximeters, and 
their algorithms are inaccurate under conditions of low 
pulse pressure and/or low oxygen saturation. These 

15 severe conditions are observed in the normal unborn 
fetus. Unlike the transmission sampling of the commer- 
cial oximeters, space limitations associated with the 
fetus require that the spectral data be obtained by 
reflectance sampling. Reflectance sampling results in 

20 spectral data with a significantly lower signal-to-noise 
ratios than obtained with transmission sampling. It has 
been suggested that a new analysis technique using 
multivariate calibration methods can improve the preci- 
sion, accuracy and reliability of quantitative spectral 

25 analysis. Even these techniques are limited by the type 
of input data. 

[0017] US-A-4,278,538 discloses methods and 
apparatus for sorting workpieces according to their col- 
our signature. 

30 [001 8] Workpieces, differing from each other only in 
their colour, are optically sorted by illuminating the 
workpieces with a light beam of stable colour tempera- 
ture. The diffuse reflection from the workpieces is ana- 
lyzed by three photo-detectors, each of which is filtered 

35 to respond to a different colour. Two of the colours are 
primary colours, as defined by the Tristimulus Theory. 
The third colour is not a true primary colour but. when 
added to a percentage of one of the other two colours, 
effectively synthesizes the third primary colour. A work- 

40 piece is identified by comparing the set of Tristimulus 
signals it generates with a look-up table stored in the 
memory of a microprocessor. 
[0019] US-A-4,520,265 provides an apparatus 
which permits highly accurate remote measurement of 

45 methane gas concentrations even in daylight through 
the use of an extremely narrow spectral filter centred on 
the Q-branch of the methane absorption band at 3.3 
microns and through the use of cooperating comparison 
channels with digital processing for real time correction 

so of data to compensate for surface temperature, atmos- 
pheric temperature and atmospheric water absorption 
factors. 

[0020] US-A-5,028,787 discloses a near-infrared 
quantitative analysis instrument and method non-inva- 
55 sively measures blood glucose by analyzing near-infra- 
red energy following interactance with venous or arterial 
blood, or transmission through a blood containing body 
part. The instrument and method is accurate and can 
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readily be utilized for at-home testing by diabetics. 
[0021 ] US-A-5,054,487 discloses an apparatus and 
method according to the preambles of claims 1 and 13. 
respectively. The present invention is characterized by 
the features of the characterizing portions of these 
claims. 

[0022] Accordingly, an object to the invention is to 
provide an apparatus which provides an analog of color- 
imetric detection units so as to allow the measurements 
of the concentration of a constituent of interest. 
[0023] Embodiments of the invention can provide a 
method of measuring constituents of interest in a sam- 
ple, preferably in a non-invasive manner, which is accu- 
rate, inexpensive and quick using an analog of a 
colorimetric analysis and a handheld instrument for glu- 
cose or drugs of abuse measurement based on the 
application of colorimetric type measurements to the 
near infrared region. 

[0024] These and other features will be apparent 
from the description and the accompanying drawing. 

Summary o f the Invention 

[0025] The present invention features an apparatus 
and method for the measurement of concentration of a 
constituent in a sample using reflectance or transmis- 
sion in the near infrared. The apparatus and method of 
the present invention provide rapid, inexpensive meas- 
urements of high accuracy and are particularly adapted 
for non-invasive testing of the human body for constitu- 
ents such as glucose or drugs of abuse. 
[0026] In more detail, the invention provides an 
apparatus for measurement of the concentration of a 
constituent of interest which has absorbance or reflect- 
ance bands in the near infrared spectrum. The constitu- 
ent is in a sample which is illuminated by a light source 
that generates broad spectrum, near infrared, radiation. 
Although a single light source is preferred, in some 
embodiments multiple light sources can be used if the 
additive output of the light sources as a whole provides 
the requisite spectrum. 

[0027] The apparatus also includes a sample 
chamber for holding the sample during measurement. 
The sample chamber can be arranged for non-invasive 
measurements of a portion of the human body such as 
a finger. The apparatus further includes detection 
means in the form of a plurality of detector units. Each 
detector unit is responsive to a specific region of the illu- 
minating radiation or spectrum. Each of the detector 
units have at least partial non-parallel overlapping 
regions of spectral response with at least one other of 
the detector units. In this manner, even in the region 
where the response of detector units overlap, each unit 
can provide some distinct information. The response 
from the detector units is the form of an output signal 
which is then transmitted to analysis means for combin- 
ing and converting the output signal into a measure of 
the concentration of the constituent of interest. 



[0028] One key to the present invention is the reali- 
zation that the detector units used should have a 
response to either transmitted or reflected radiation 
from the sample which is in a form of an analog of the 
5 color response of the eye. The response of the eye is in 
terms of red, green and blue sensors, the output of- 
which are processed by the neural net in the eye and by 
the brain to provide the perception of color. The simplest 
approximation of color perception for certain specific 
10 conditions is colorimetry. A near infrared analog of 
colorimetry, using infrared rather than visible radiation, 
is proposed herein, as are the use of colorimetry for 
concentration measurements and improved analysis 
. methods. Accordingly, preferred embodiments of the 
t5 invention have at least three detector units each having 
a spectral detection range centered about a different 
portion of the selected spectrum but with response 
bands sufficiently wide that there is some overlap with 
at least one, and preferably more than one, other of the 
20 detector units. The detection means may also include a 
blacWwhite or luminosity detector which is responsive to 
entire spectrum for which the other detector units have 
a spectral response. This "black/white" or luminosity 
detector, as used herein, is a detector like the other 
25 three that measures intensity of the signal photometri- 
cally in its spectral region of interest without perceiving 
the specificity of the wavelength, thereby showing the 
presence of a signal at one (or more) of the three other 
detectors. 

30 [0029] The second step in complexity is to more 
closely approach color perception by using computa- 
tional methods operating on the outputs of the detector 
units to emphasize the analyte with respect to the back- 
ground. As a start, the computational models of color 
35 vision that have been developed in the field of "artificial 
intelligence" for attempting to achieve machine color 
vision will be utilized. 

[0030] The third step towards approaching an ana- 
log of human color perception is to feed the detector unit 
40 outputs into an artificial neural net assembled similarly 
to the neural organization or circuitry of the retina and 
color portions in the brain. Here we expect to achieve 
learning for the detection, quantification, and in particu- 
lar signal discrimination against background, with a 
45 smaller component cost and small size. 

[0031] Neural networks, in the form of chips and 
other hardware, are presently available . Neural net- 
works (or nets) provide processing which is similar to 
the brain (albeit on a less complicated scale) and, as 
so such, can be "taught" to eliminate certain items of back- 
ground. 

[0032] The detector units can be selected to absorb 
only a particular broad band spectral region but more 
easily, standard silicon photocells can be used in con- 
55 junction with a series of broad bandpass filters. The 
term "broad bandpass infrared filters", as used herein, 
means filters that have a substantial half-width about a 
central wavelength, e.g.. specified wavelengths in the 



4 



7 



EP 0 650 591 B1 



8 



near infrared region, so as to pass significant amounts 
of radiation for several hundred nm about the central 
wavelength. The use of broad bandpass filters allows 
significant response "tails" which overlap. 
[0033] The apparatus can be adapted for detection 
of many substances. Preferred constituents of interest 
include glucose and drugs of abuse. "Drugs of abuse," 
as defined herein, include not just classic drugs of 
abuse such as marijuana, heroin, cocaine, ampheta- 
mines, barbiturates and other hallucinogenic or mind 
altering drugs, but also alcohol. For purposes of the 
invention, it does not matter whether the glucose or 
drug of abuse is measured directly but rather solely that 
-the measurement of the sample can be correlated to the 
concentration of the constituent of interest. For exam- 
ple, it may be that the glucose is always correlated with 
the presence of a particular carrier or other indicating 
constituent and the carrier or constituent is measured in 
addition to and/or instead of the glucose itself. 
[0034] The invention also features a method for 
measuring the concentration of a constituent of interest 
which absorbs or reflects light. The method has the 
steps of illuminating the sample with broadband spec- 
trum, preferably near infrared, radiation and detecting 
transmitted or reflected radiation from the sample. At 
least one signal corresponding to the detected radiation 
is generated and analyzed to determine the concentra- 
tion of the constituent of interest. The detecting step of 
the method includes impinging radiation transmitted or 
reflected from the sample onto a detection array which 
includes a plurality of detector units each of which is 
responsive to a specific region of the near infrared spec- 
trum. The specific spectral response from each detector 
unit partially overlaps, in a non-parallel manner, the 
response from at least one other detector unit. Prefera- 
bly, there are at least three detection units, each of 
which has a peak spectral response in a separate por- 
tion of the near infrared spectrum. The analysis step 
using this type of detection array allows analysis such 
that the output is formed into an analog of a colorimetric 
(e.g., tristimulus) values. The detector units may include 
broad bandpass filters to provide this spectral response 
and the detector array may also include a black/white 
detector unit such as has previously been described. In 
another aspect of the invention, the analysis may use an 
analog of a neural network, paralleling the working, of 
the eye and brain. This neural net based apparatus may 
even be used for classic colorimetry measurements. 
[0035] The method of the invention is particularly 
well suited to non-invasive testing for constituent of the 
human body such as glucose, a glucose indicator or a 
drug of abuse. The finger is the preferred region for a 
sample for non-invasive testing. 
[0036] Another aspect of the invention is the use of 
paired detectors for referencing. In present non-invasive 
methods, there is no way to obtain a control reporting a 
"zero" concentration of the constituent of interest. How- 
ever, by using a simulating filter or a filter made of the 



same material as the analyte but which has a concen- 
tration of the constituent of interest that is much higher 
than that in the sample, changing amounts of constitu- 
ent in the sample merely cause a minor perturbation in 

5 the measurements from that "high concentration" refer- 
ence detector. It may also be possible to use a material 
with substantially identical absorbance (or reflective) 
characteristics in place of the high concentration filter. 
[0037] By using paired detectors with the "high con- 

10 centration" filter in front of one detector of the prior, one 
can obtain background measurements, unperturbed by 
the presence of the analyte to enhance discrimination. 
The term "paired detectors," as used herein means two 
or more detectors which are identical except for the high 

. is concentration filter. For example, there could be paired 
red analog detectors, paired green analog detectors 
and paired blue analog detectors, with the only differ- 
ence being the addition of the high concentration filter to 
one of each pair. This type of high concentration filter is 

20 not limited to use with the apparatus and methods 
described previously but has general applicability to any 
spectrophotometric system. 

[0038] The following detailed description and the 
drawing will more clearly delineate the invention. 

25 

Rriff Description of the Drawing 
[0039] 

30 Figure 1 is a spectrum for non-invasive glucose 
testing taken from United States Patent No. 
5,028.787; 

Figure 2 is a CIE 1931 chromaticity plot; 
Figure 3 is a three dimensional plot of color in terms 
35 of hue, chroma and value; 

Figure 4 is a blue, green and red detector response 
vs. wavelength for a standard colorimeter, with a 
second scale of near infrared wavelengths as well 
as the visual wavelengths imposed on the X axis; 
40 Figures 5A and 5B are variations of apparatus use- 
ful in the present invention; and 
Figure 6 is a detection array useful in the present 
invention. 

45 Detailed Description of th e Invention 

[0040] The present invention provides non-invasive 
procedures which can be used to test for glucose or 
other substances so long as the constituent of interest 

so has absorption or reflectance bands in a selected, near 
infrared, spectrum. The apparatus and methods of the 
invention are based in part, on the recognition that the 
present problems associated with attempting to conduct 
non-invasive measurements using near infrared radia- 

55 tion relate to the type of information which is obtained 
using spectrophotometers. Although using different 
analysis techniques can clarify what information has 
been obtained, these analysis techniques cannot gen- 
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erate optimum results if the underlying information 
obtained is itself not optimum. By applying an analog to 
colorimetry to concentration measurements . particu- 
larly forming a near infrared parallel of the three differ- 
ent pigments of the cones of the retina, significant 
information can be obtained which relates to concentra- 
tion. Since in color perception "color constancy- is main- 
tained under extreme variations in illumination, the use 
of neural networks or digital computation to provide 
information in a manner more similar to the information 
processing of the eye-brain is preferred. 
[0041] As noted previously, classic spectrophoto- 
metric methods for non-invasive measurements require 
the use of complex, and not altogether successful, data 
handling techniques in order to obtain meaningful infor- 
mation. Figure 1 , which is a plot of wavelength versus l/l 
intensity made using a scanning spectrophotometer for 
a non-invasive determination of glucose, shows the 
problem with the classic techniques. First, the scan 
takes sufficient time that there is the possibility of a 
change in the test conditions during the scan. Second, 
while spectrophotometric measurements in the near 
infrared region are useful when there are high resolution 
features so that the substance of interest can be clearly 
discriminated from other substances, they do not work 
well unless the background and the features are sepa- 
rable. When glucose absorption bands are sought in the 
near infrared region, particularly using non-invasive 
techniques, only a few, low resolution features occur 
and the spectrum, such as that shown in Figure 1. This 
spectra most resembles the spectrum of a colored 
object. 

[0042] Figure 4 shows just such a color spectrum, 
with the red, green and blue detector responses of a 
colorimeter. The information determined from a colori- 
metric measurements is often used to determine the 
absolute color, and color differences of particular sam- 
ples and their illuminants. Portable, inexpensive color- 
imeters are available in the market. For example, 
Minolta makes a series of tristimulus colorimeters 
including the Chroma meter xy-1 and Chroma meter 
CL-100. These tristimulus colorimeters may be used 
alone or attached to a data processor such as the 
Minolta DP-100 to express chromaticity readings in Yxy 
or Y u v systems, color difference readings in terms of 
A(Yxy) or A(Y uV j. luminescence, or black body tempera- 
ture. These units can be used for either static or flicker- 
ing light sources. Other instruments may be faster, i.e.. 
give even more readings per second. 
[0043] The Minolta colorimeters use silicon photo- 
cells which are filtered with red, green and blue broad- 
pass filters. These filters cover a range from about 400- 
650 nm. 

[0044] One aspect of the present invention utilizes 
this type of colorimeter with its filters replaced with fil- 
, ters having similar transmission and absorbance 
shapes but in the near infrared rather than visual region. 
The lower indices on the x-axis of Figure 4, those desig- 



nated near infrared, can be used for guidelines for anal- 
ogous transmission spectra of filters for silicon 
photocells to obtain a spectral response in the near 
infrared rather than visual region. In this way, a near 
5 infrared equivalent to the tristimulus values could be 
constructed. With such information and sufficient stand- 
ards, non-invasive measurements of constituent of 
interest such as glucose could be carried out in the near 
infrared region using substantially similar apparatus. 
10 [0045] Figure 5A shows one type of apparatus par- 
ticularly useful for non-invasive test of glucose using the 
methods of the present invention. A light source 10, 
which provides broad spectrum near infrared radiation 
(e.g., 700-1100 nm),-is.used for illumination. One possi- 
15 ble light source is a tungsten-halogen bulb in a quartz 
envelope, filtered with a "heat shield" 20. if necessary, to 
provide only this wavelength range. A sample chamber 
30 is shown for insertion of a finger or other bodily part 
if measurements are going to made on a human or ani- 

20 mal body. If a non-body sample is to be used, for exam- 
ple an agricultural sample, a different shaped sample 
chamber could be used in the same location. The heat 
shield 20, which is optionally placed between lamp 10 
and sample chamber 30. can be any material which will 
25 reduce the heat generated by the lamp 10 before if 
reaches sample chamber 30 without significantly 
degrading or absorbing the light generated from lamp 
1 0 in its measurement region. 
[0046] A detection array 40 is placed on the side of 
30 sample chamber 30 furthest from lamp 1 0 if a transmis- 
sion mode is being utilized or off to the side of lamp 10 
if a reflectance mode is being utilized. 
[0047] Source reference detectors 1 5 may be used 
to both measure the near infrared "color" of the source 
35 and guard against any changes in source output. In 
some embodiments, a paired detector array 40' and a 
special filter 50 may also be used. Figure 5B shows the 
same apparatus as Figure 5A except the paired detec- 
tors are present. The illumination transmitted from sam- 
40 pie chamber 30 goes to a beam splitter then either 
directly to detector array 40 or through filter 50 then to 
detector array 40'. Filter 50 is, preferably, a filter contain- 
ing the same constituent of interest as is in the sample 
but in a concentration which is much (e.g., several order 
45 of magnitudes) higher. As such, filter 50 provides signif- 
icant information concerning the background and the 
effective sample thickness since the amount of the con- 
stituent of interest in the sample acts merely as a negli- 
gible perturbation. This type of filter 50 is also useful for 
so any other type of spectrophotometric analysis. The 
effective sample thickness' or effective pathlength may 
also be corrected for by measuring the absorption of the 
sample in a wavelength region dominated by the 
absorption of the liquid carrier; e.g.. water. The light 
55 reflected or transmitted from the sample is split into two 
output beams, a first output beam which is incident on a 
first detector responsive to the wavelength of the sam- 
ple identifying bands, and the second output beam 
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which is incident on a second detector primarily respon- 
sive to liquid carrier absorption bands. This liquid carrier 
absorption measurement follows the same path as the 
sample indicating bands, yields an effective pathlength 
correction factor. 

[0048] Figure 6 shows one type of detection array 
40 which may be used in the present invention. This 
detection array has four detector units, three which are 
f iHered in such a way that they have different peak spec- 
tral response but some partial overlap of spectral 
response while the fourth detector constituents a 
black/white detector. This black/white detector is 
responsive to all wavelengths in the infrared measure- 
ment region for which the other three detectors are 
responsive; that is, it generates an output signal respon- 
sive to wavelengths which cause a response for any of 
the three other detectors. As such, it acts like the rods of 
the retina of the eye. 

[0049] The output from detector 40 (and detector 
40' if used) is fed to analysis means 70. Analysis means 
70 can be a computer, hardwired logic circuits, or a neu- 
ral network. In any case, this analysis means 70 con- 
verts the output signal from the detectors to a measure 
of concentration. 

[0050] Once the data from the detectors is 
obtained, it can be treated in a variety of ways. As noted 
previously, an analog of a colorimetric tristimulus values 
can be produced and calibrated against known glucose 
concentrations. Problems that may arise with this sim- 
ple type of data analysis is that calibration may be fre- 
quently required and may not be sufficiently universal, in 
that it will lack the analog of "color constancy" as do all 
colorimeters. 

[0051 ] However, the data analysis from the system, 
can be improved to more closely approach color per- 
ception by digital computation or with the use of neural 
networks (neural nets). While artificial neural networks 
usually contain hundreds of interconnected neurons, 
this analog of color perception may only require about 
two dozen. 

[0052] What this artificial neural act attempts to 
simulate are: 

1. The horizontal cells, which transmit signals hori- 
zontally, from the rods and cones to the bipolar 
cells. 

2. The bipolar cells which transmit signals from the 
rods, cones and horizontal cells to synapse with 
either amacrine cells or ganglion cells. 

3. The amacrine cells which transmit signals in two 
directions, either directly from bipolar cells to gan- 
glion cells or horizontally among the axons of the 
bipolar cells, the dendrites of the ganglion cells, 
and/or other amacrine cells. 

4. The ganglion cells which transmit output signals 
through the optic nerve to the brain. 

5. The interplexiform cells which transmit signals in 
the retrograde direction from the inner plexiform 



layer to the outer plexiform layer. The signals from 
these cells are all inhibitory. 

6. Brain cells associated with "blobs" which are 
believed to allow for color constancy. 

7. Brain cells which enable binocular fusion of 
colors. That is, when the fovea of one eye is stimu- 
lated by homogenous red light and the fovea of the 
other eye is stimulated by homogenous green light, 
the resultant binocular impression is the same as 
that of seeing yellow. 



[0053] The most important factor of using a neural 
network is the learning capacity of the network. Since 
the neural network can "learn", it may be calibrated a 
is single time for the individual, or even have a universal 
calibration at the factory, and still give consistent results 
over time. Learning in a neural net context is provided 
by a change in the way of connections run from one 
"neuron" to another. 
20 [0054] The foregoing description invention is meant 

to be explanatory only and not intended to be limited to 
the scope of the invention. The invention is defined by 
the following claims. 

25 Claims 

1. An apparatus determining the concentration in a 
sample of a constituent of interest which has 
absorption or reflectance bands in a selected 
region of the spectrum comprising: 

a sample chamber (30) for confining said sam- 
ple during said illumination; and detection 
means (40) in the form of a plurality of detector 
units (A.B.C.B/W); and characterized by: 

a light source (10) that illuminates said sample 
with broad spectrum radiation in said selected 
region; 

each of said detector units being responsive to 
a specific near infrared region of said spectrum 
and having a partial overlapping region of 
spectral response with another of said detector 
units, said response from each detector unit 
being in the form of an output signal; and 

analysis means (70) for converting said output 
signals into a measure of said concentration. 

2. The apparatus of ciaim 1 wherein said selected 
region of said spectrum is the near infrared region. 

3. The apparatus of claim 1 when said detection 
55 means (40) comprises at least three detector units 

(A.B.C) each having a spectral response region 
centered about a different portion of said spectrum. 
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4. The apparatus of claim 3 wherein said detector 
units (A.B.C) each generate signals that are near 
infrared analogs of the color receptive elements in 
vision. 

5 

5. The apparatus claim 4 wherein said analysis 
means (70) generates an output which is a near 
infrared analog of a location in a colorimetric three 
dimensional space. 

6. The apparatus of claim 3 wherein said detection 
means further comprises a black/white luminosity 
detector which is responsive to and overlaps the 
near infrared spectral response of said detector 
units. 

7. The apparatus of claim 1 wherein said analysis 
means comprises an artificial neural network (70). 

8. The apparatus of claim 1 wherein each of said 
detector units (40) comprises broad bandpass fil- 
ters or comprise silicon photocells. 

9. The apparatus of claim 1 wherein said sample 
chamber is arranged for non-invasive measure- 
ments on a portion of a human body, for example a 
finger. 

10. The apparatus of claim 9 wherein said constituent 
of interest is selected from the group consisting of 
glucose, and glucose indicating constituents, con- 
sisting of drugs of abuse and drugs of abuse indi- 
cating constituents. 

11. The apparatus of claim 1 further comprising a filter 
unit (50) which has an absorption at the same spec- 
tral bands of said constituent of interest, the 
absorption of said filter unit corresponding to at 
least one order of magnitude greater concentration 
than the response of said constituent of interest. 

12. The apparatus of claim 11 wherein said filter unit 
comprises a high concentration solution of said 
constituent of interest. 

13. A method for measuring the concentration in a 
sample of a constituent of interest which absorbs or 
reflects light, said method comprising the steps of: 

detecting transmitted or reflected radiation 
from said sample; 

generating at least one signal corresponding to 
said detected radiation; and 
analyzing said signal to measure the concen- 
tration of said constituent; and characterized 
by: 

illuminating said sample with broad spectrum 
radiation; and 



said detecting step includes impinging the radi- 
ation transmitted or reflected from said sample 
onto a detection array (40) which generates 
said signal, said detection array including a plu- 
rality of detector units (A,B,C) each responsive 
to a specific near infrared region of the trans- 
mitted or reflected spectrum, the spectral 
response of each of said detector units having 
at least partial overlap with the response of at 
least one other of said detector units. 

14. The method of claim 13 wherein at least three 
detection units are used in said detecting step, 
each detector unit having a peak spectral response 
in a separate portion of said spectrum. 

15. The method of claim 14 wherein said analysis step 
comprises forming from the output a near infrared 
analog of a specific position in a three dimension 
calorimetric space. 

16. The method of claim 13 wherein said detector units 
comprise broad bandpass filters (50). 

17. The method of claim 13 wherein said detecting step 
further comprises the use of a black/white detector 
unit (B/W) which is responsive to the entire spec- 
trum for which said detector units (A,B.C) have a 
spectral response. 

30 

18. The method of claim 13 wherein said analysis step 
comprises utilizing an artificial analog of a neural 
network (70). 

35 19. The method of claim 18 wherein said artificial neu- 
* ral network (70) is calibrated and trained to process 
said signals to achieve an analog of color con- 
stancy in vision. 

40 20. The method of claim 13 wherein said method is 
used for non-invasive testing for a constituent in a 
human body, for example a finger. 

21. The method of claim 20 wherein said constituent is 
45 related from the group consisting of glucose and 
glucose indicating constituents, drugs of abuse and 
drugs of abuse indicating constituents. 

PatentansprQche 

50 

1 . Vorrichtung zur Ermittlung der Konzerttration emes 
interessierenden Bestandteiles in einer Probe, der 
Absorptions- oder Reflexionsbander in einem 
gewahlten Bereich des Spektrums hat, aufweisend: 

55 

eine Probenkammer (30) zum EinschlieBen 
der Probe wahrend der Beleuchtung und eine 
Detektionseinrichtung (40) in Form einer Vlel- 
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zahl von Detektionseinheiten (A, B, C. B/W); 
und 

dadurch gekennzeichnet, daB eine Lichtquelle 
(10) vorgesehen ist, die die Probe mit einer s 
Strahlung mit breitem Spektrum in dem ausge- 
wahlten Bereich beleuchtet; 

jede Detektionseinheit empfindiich gegenuber 
einem spezifischen, irtfrarotnahen Bereich des 10 
Spektrums ist und einen teilweisen Clber- 
schneidungsbereich der Spektralempfindlich- 
keit mit einer anderen Detektionseinheit (A, B, 
C, B/W) aufweist. wobei die Reaktion jeder 
Detektionseinheit in Form eines Ausgangssi- is 
gnales erfolgt; und 

eine Analyseeinrichtung (70) zum Umwandeln 
der Ausgangssignale in ein MaB der Konzen- 
tration vorgesehen ist. 20 

2. Vorrichtung nach Anspruch 1 , bei der der gewfihlte 
Bereich des Spektrums der infrarotnahe Bereich 

ist. 

25 

3. Vorrichtung nach Anspruch 1, wobei, wenn die 
Detektionseinrichtung (40) mindestens drei Detek- 
tionseinheiten (A, B, C) aufweist jede einen Spek- 
tralempfindlichkeitsbereich hat, der uber einem 
unterschiedlichen Teil des Spektrums zentriert ist. 30 

4. Vorrichtung nach Anspruch 3, bei der jede Detekti- 
onseinheit (A, B, C) Signale erzeugt. die eine infra- 
rotnahe Analogie der Farbempfangselemente beim 
Sehen sind. - 35 

5. Vorrichtung nach Anspruch 4, bei der die Analyse- 
einrichtung (70) eine Ausgabe erzeugt. die eine 
infrarotnahe Analogie einer Stelle in einem dreidi- 
mensionalen kolorimetrischen Raum ist. *<> 

6. Vorrichtung nach Anspruch 3. bei der die Detekti- 
onseinrichtung ferner einen Schwarz/WeiB-Hellig- 
keitsdetektor aufweist, der die infrarotnahe 
Spektrafempfindlichkeit der Detektionseinheiten 45 
uberschneidet und darauf reagiert 

7. Vorrichtung nach Anspruch 1 , bei der die Analyse- 
einrichtung (40) ein kunstliches neurales Netzwerk 
(70) aufweist. 50 

8. Vorrichtung nach Anspruch 1 , bei der jede Detekti- 
onseinheit (40) breite BandpaBfilter oder Silizium- 
Photozelien aufweist. 

55 

9. Vorrichtung nach Anspruch 1, bei der die Proben- 
kammer zur nichtinvasiven Messung an einem Teil 
des menschlichen KOrpers. wie z. B. einem Finger, 



ausgebildet ist. 

10. Vorrichtung nach Anspruch 9. bei der der interes- 
sierende Bestandteil aus der Gruppe gewahlt ist, 
die aus Glukose. auf Glukose hinweisenden 
Bestandteilen, MiBbrauchsdrogen und auf MiB- 
brauchsdrogen hinweisenden Bestandteilen gebil- 
det ist. 

11. Vorrichtung nach Anspruch 1, ferner aufweisend. 
eine Filtereinheit (50). die eine Absorption in dem 
gleichen spektralen Band wie der irrteressierende 
Bestandteil hat, wobei die Absorption durch die Fil- 
tereinheit mindestens einer urn eine GrOBenord- 
nung grGBeren Konzentration als die Reaktion des 
interessierenden Bestandteiles entspricht. 

1 2. Vorrichtung nach Anspruch 1 1 , bei der die Filterein- 
heit eine hochkonzentrierte LOsung des interessie- 
renden Bestandteiles aufweist. 

13. Verfahren zur Messung der Konzentration eines 
interessierenden Bestandteiles in einer Probe, der 
Licht absorbiert oder ref lektiert, wobei das Verfah- 
ren folgende Schritte aufweist: 

Ermitteln der von der Probe ubertragenen oder 
ref lektierten Strahlung; 

Erzeugen mindestens eines Signals, das der 
ermittelten Strahlung entspricht; 

Analysieren des Signals, urn die Konzentration 
des Bestandteiles zu messen; und 

dadurch gekennzeichnet ist, daB die Probe mit 
einer Strahlung mit breitem Spektrum beleuch- 
tet wird; und 

der Ermittlungsschritt ein Auftreffen der von der 
Probe ubertragenen oder refiektierten Strah- 
lung auf eine Detektionsreihe (40) umfaBt, die 
das Signal erzeugt, wobei die Detektionsreihe 
eine Vielzahl von Detektionseinheiten (A, B, C) 
beinhattet, die auf einen spezifischen infrarot- 
nahen Bereich des ubertragenen oder refiek- 
tierten Spektrums reagieren, wobei die 
Spektralempf indlichkeit jeder Detektionseinheit 
zumindest eine teilweise Oberschneidung mit 
der Empfindlichkeit zumindest einer anderen 
Detektionseinheit hat. 

14. Verfahren nach Anspruch 13, bei dem mindestens 
drei Detektionseinheiten in dem Ermittlungsschritt 
benutzt werden, wobei jede Detektionseinheit eine 
Peak-Spektralempfindlichkeit in einem separaten 
Teil des Spektrums hat 
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15. Verfahren nach Anspruch 14, bei dem der Analyse- 
schritt die Bildung einer infrarotnahen Analogie 
einer spezifischen Stelle in einem dreidimensiona- 
len kolorimetrischen Raum aus der Ausgabe 
umfaBt. 

16. Verfahren nach Anspruch 13, bei dem die Detekti- 
onseinheiten breite BandpaBfilter (50) aufweisen. 

17. Verfahren nach Anspruch 13. bei dem der Ermitt- 
lungsschritt ferner die Benutzung einer 
Schwarz/WeiB-Detektionseinheit (B/W) umfaBt, die 
auf das gesamte Spektrum reagiert, gegenOber 
dem die Detektionseinheiten (A, B, C) eine Spek- 
tralempfindiichkeit aufweisen. 

18. Verfahren nach Anspruch 13, bei dem der Analyse- 
schritt die Benutzung einer kunstlichen Analogie 
eines neuralen Netzwerkes (70) umfaBt. 

19. Verfahren nach Anspruch 18, bei dem das kunstli- 
che neurale Netzwerk (70) derart kalibriert und 
ausgebildet ist, daB die Signale verarbeitet werden, 
urn eine Analogie der Farbbestandigkeit beim 
Sehen zu erzielen. 

20. Verfahren nach Anspruch 13, bei dem das Verfah- 
ren fur nichtinvasive Testverfahren fur einen 
Bestandteil in einem menschlichen KOrper, wie z. 
B. einen Finger, benutzt wird. 

21. Verfahren nach Anspruch 20. bei dem der Bestand- 
teil aus der Gruppe gewahlt ist, die aus Glukose, 
auf Glukose hinweisenden Bestandteilen, MiB- 
brauchsdrogen und auf MiBbrauchsdrogen hinwei- 
senden Bestandteilen gebildet ist. 



Revendications 

1 . Appareil pour determiner la concentration dans un 
echantillon d'un constituant a etudier qui a des ban- 
des d'absorption ou de reflexion dans une region 
selectionnee du spectre, comprenant : 

une chambre (30) d'echantillon pour confiner 
ledrt echantillon pendant ledit edairement ; et 
des moyens (40) de detection ayant la forme 
d'une pluralite de modules de detecteur (A, B, 
C.B/W) 

caracterise en ce que 

une source lumineuse (10) qui eclaire ledit 
echantillon avec des radiations d'un spectre 
etendu dans ladite region selectionnee ; 
chacun desdits modules de detecteur est sen- 
sible a une region spec'rfique de nnfrarouge 
proche dudit spectre et presente une region de 
chevauchement partiel en reponse spectrale 
par rapport a un autre desdits modules de 



detecteur, ladite reponse de chaque module de 
detecteur ayant la forme d'un signal emis ; 
et en ce quil comprend an outre des moyens 
(70) d'analyse pour convertir lesdits signaux 
emis an une mesure de ladite concentration. 

2. Appareil selon la revendication 1 , dans lequel ladite 
region s6lectionn6e dudit spectre est la region de 
. nnfrarouge proche. 

Appareil selon la revendication 1, dans.lequel les- 
dits moyens (40) de detection comprennent au 
moins trois modules de detecteur (A, B, C) ayant 
chacun une region de reponse spectrale centre 
dans une portion drff 6rente dud'rt spectre. 

Appareil selon la revendication 3, dans lequel les- 
dits modules de detecteur (A, B, C) produisent cha- 
cun des signaux qui sont des analogues dans 
nnfrarouge proche des elements de reception de 
couleur dans la vision. 

Appareil selon la revendication 4, dans lequel les- 
dits moyens (70) d'analyse produisent une sortie 
qui est un analogue dans nnfrarouge proche d'un 
emplacement dans un espace colorimetrique a 
trois dimensions. 

Appareil selon la revendication 3. dans lequel les- 
dits moyens (40) de detection comprennent en 
outre un detecteur de luminosite en noir et blanc qui 
est sensible a la reponse spectrale de I'infrarouge 
proche desdits modules de detecteur, et a la che- 
vauche. 

Appareil selon la revendication 1, dans lequel les- 
dits moyens (70) d'analyse comprennent un r6seau 
neuronal artificiel (70). 

40 8. Appareil selon la revendication 1 , dans lequel cha- 
cun desdits modules (40) de detecteur comprend 
des f iltres passe-bande a bande passante etendue 
ou comprend des photocellules au silicium. 
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45 9. Appareil selon la revendication 1 . dans lequel ladite 
chambre d'6chantillon est dispos6e pour des mesu- 
res non invasives sur une portion d'un corps 
humain, par exemple un doigt. 

so 10. Appareil selon la revendication 9, dans lequel ledit 
constituant a etudier est seiectionn6 dans le groupe 
forme du glucose et des constituants indicateurs du 
glucose, de drogues a effet d'accoutumance et de 
constituants indicateurs de drogue a effet d'accou- 

55 tumance. 

11. Appareil selon la revendication 1, comprenant en 
outre un module de f iltre (50) qui a une absorption 
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aux mSmes bandes spectrales que ledit constituant 
k 6tudier, Tabsorption dudit module de f iltre corres- 
pondant k au moins une concentration d'un ordre 
de grandeur plus grande que la r6ponse dudit cons- 
tituant k 6tudier. 

12. Appareil selon la revendication 1 1 , dans lequel ledit 
module de filtre comprend une solution k concen- 
tration 6lev6e dudit constituant k 6tudier. 

13. Proc&te pour mesurer la concentration dans un 
6chantillon d'un constituant k 6tudier qui absorbe 
ou r6f techit la lumtere, ledit proc6d6 comprenant les 
Stapes consistant k : 

d6tecter le rayonnement transmis ou r6f!6chi 
depuis ledit 6chantillon ; 
produire au moins un signal correspondant 
audit rayonnement d6tect6 ; et 
analyser ledit signal pour mesurer la concen- 
tration dudit constituant, et caract6ris6 par : 
un 6clairement dudit 6chantillon avec un rayon- 
nement k spectre §tendu ; et 
en ce que ladite §tape de detection comprend 
de faire tomber le rayonnement transmis ou 
r6f!6chi depuis ledit 6chantillon sur un groupe 
(40) de d6tection qui produit ledit signal, ledit 
groupe de detection comprenant une plurality 
de modules de d6tecteur (A. B, C) sensibles 
chacun k une region sp6cifique. dans I'infra- 
rouge proche, du spectre transmis ou r6fl£chi, 
la rSponse spectral e de chacun desdits modu- 
les de d6tecteur ayant au moins un chevauche- 
ment partiel avec la r6ponse d'au moins un 
autre desdits modules de d6tecteur. 



18. Proc6d6 selon la revendication 13, dans lequel 
ladite 6tape d'analyse comprend d'utiliser un analo- 
gue artificiel d'un r6seau neuronal (70). 

5 1 9. Proc6d6 selon la revendication 1 8, dans lequel ledit 
r6seau neuronal artificiel (70) est 6talonn6 et form6 
pour traiter lesdits signaux afin d'obtenir un analo- 
gue d'une constance de couleur dans la vision. 

10 20. Proc§d6 selon la revendication 13, dans lequel ledit 
proc6d6 est utilis6 pour un essai non invasif d'un 
constituant dans un corps humain, par exemple un 
doigt. 
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Proc6d6 selon la revendication 20, dans lequel ledit 
constituant est s6lectionn6 dans le groupe consti- 
tu6 du glucose et de constituants indicateurs du 
glucose, de drogues k effet d'accoutumance et de 
constituants indicateurs de drogue k effet d'accou- 
tumance. 



14. Proc6d6 selon la revendication 13, dans lequel au 
moins trois modules de d6tecteur sont utilises dans 
ladite 6tape de detection, chaque module de d6tec- 
teur ayant une r§ponse spectrale maximale dans 40 « 
une portion distincte dudit spectre. 

15. Proc6d6 selon la revendication 14, dans lequel 
ladite 6tape d'analyse comprend de former k partir 

de la sortie un analogue dans I'infrarouge proche 45 
d'une position sp6cif ique dans un espace coloring- 
trique k trois dimensions. 

16. Proc6d6 selon la revendication 13, dans lequel les- 
dits modules de d&ecteur comprennent des f iltres so 
passe-bande (50) k bande passante 6tendue. - 

17. Proc6d6 selon la revendication 13, dans lequel 
ladite 6tape de detection comprend en outre I'utili- 
sation d'un module (B/W) de d6tecteur en noir et 55 
blanc qui est sensible k I'ensemble du spectre pour 
lequel lesdits modules (A, B, C) de d6tecteur ont 
une r6ponse spectrale. 



11 



EP 0 650 591 B1 



t 




WAVELENGTHS- 



FIG. I 



12 



EP 0650 591 B1 




3LACK 



EP 0 650 591 B1 




14 



EP 0 650 591 B1 



/o 



eg 





/o 



eo 




40- 





3 







-frl 



70 



15 



